Summary. In the largest series of patients with glibenclamideassociated hypoglycaemia reported so far, 51 cases reported to the Swedish Adverse Drug Reactions Advisory Committee and six additional cases are reviewed and related to sales and prescription data of glibenclamide. Median age of the patients with hypoglycaemia was 75 years and 21% were 85 years or above. For comparison, the median age of a random sample (1 in 288 of all patients prescribed glibenclamide) was 70 years and only 5% were 85 years or older. In eight out of 40 cases where duration of glibenclamide treatment was recorded, the hypoglycaemic event occurred during the first month of treatment. The median daily dose of glibenclamide prescribed was 10 mg both in the hypoglycaemic cases and in the prescription Sample. Coma or disturbed consciousness was the most common clinical presentation in this series and the minimum blood glucose value was 1.3 retool/1 (median). Twenty-two patients responded immediately to treatment, 24 had protracted hypoglycaemia of 12-72 h duration and 10 died. Fatal outcome was observed even with small doses of glibenclamide (2.5-5 mg/day). Previous strokes and cardiac disorders were isolated as two independent determinants of a serious course of the hypoglycaemia. Other contributing factors included impaired renal function, low food intake, diarrhoea, alcohol intake and interaction with other drugs. Thus, it is not uncommon for glibenclamide, like the first-generation sulphonylureas, to cause serious, protracted and even fatal hypoglycaemic events.
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The value of sulphonylureas in the long-term treatment of Type 2 (non-insulin-dependent) diabetes has been questioned [1] . The potential benefits of an oral antidiabetic drug must be carefully weighed against the risk of hazardous adverse reactions, hypoglycaemia in particular. In 1972, Seltzer reviewed more than 200 cases of severe hypoglycaemia induced by sulphonylureas [2] . Of these, the majority were attributed to chlorpropamide. During the last decade, newer, more potent sulphonylurea preparations have been introduced. There have been only few reports on severe hypoglycaemic events caused by these agents and, therefore, little is known about the salient features of hypoglycaemia induced by the so-called second generation of sulphonylureas. The biological half-life of single doses of glibenclamide is relatively short [3, 4] . Therefore, when the drug was first marketed, it was inferred that hypoglycaemia induced by glibenclamide might be less common and easier to control than that induced by chlorpropamide.
In Sweden, glibenclamide was introduced in 1971 and it is now the most frequently prescribed oral antidiabetic drug [5] . Up to mid-1981, a total of 51 reports on hypoglycaemia in glibenclamide-treated diabetic patients, including 10cases with fatal outcome, had been submitted to the Swedish Adverse Drug Reactions Advisory Committee (SADRAC).
This report outlines some clinical characteristics of these 51 patients and also of six additional cases, not reported to SADRAC. Sales and prescription data on glibenclamide are also analysed as background information.
Patients and Methods
In Sweden, adverse drug reactions have been reported to SADRAC of the National Board of Health and Welfare since 1965. From 1975, reporting is compulsory for suspected reactions that are fatal or otherwise serious, new, unexpected or remarkable. In the present study, we examined all 51 reports on glibenclamide-associated hypoglycaemia that were classified as 'probable' or 'possible'. To clarify details in the reports, complete medical records were obtained. During the course of our work, we became aware of six additional cases of glibenclamide-associated hypoglycaemia not reported to SADRAC. These cases are also included in this report. The diagnosis of hypoglycaemia (blood glucose < 2.5 mmol/1) was based on blood glucose determinations by a glucose oxidase method and concomitant clinical symptoms in 54 events occurring in 50 patients. In the remaining seven cases, all had symptoms suggestive of hypoglycaemia and responded promptly to the administration of intravenous glucose. Blood glucose was determined quantitatively in five of them, showing moderately low levels (2.8-3.0 mmol/l) and semi-quantitatively by Dextrostix in one instance. Five patients were concomitantly treated with biguanides.
Total annual sales of glibenclamide in Sweden [5] were converted to and expressed as numbers of so-called defined daily doses [6] . For glibenclamide one defined daily dose is set to 10 mg.
Since 1974, age and sex of the patient and name and amount of the drug have been recorded from a random 1-in-288 sample of all prescriptions delivered in Sweden [71. Since 1976 the prescribed daily dose has also been recorded. Data from this prescription survey have been extracted and compared with age, sex and daily dose of the patients with hypoglycaemia. Between 1975 and 1980, a total of 3,557 prescriptions of glibenclamide was recorded and the annual sample size averaged 593 with a standard deviation of 71. Figure 1 gives the sales of glibenclamide and the annual number of hypoglycaemic episodes reported to SADRAC.
Results

Reporting to the Swedish Adverse Drug Reactions Advisory Committee
There is a great variation in the reporting from year to year and a marked geographical clustering in the reporting which does not correspond to differences in sales (data not shown).
Patients
There was a female preponderance both among the patients with hypoglycaemia (61%) and in the prescription material (55%). Median age was 70years among the 57 hypoglycaemic patients and 75years among the 3,557 patients from the prescription survey (Fig. 2) , The proportions of patients aged 85 years or more were 21% and 4.8% respectively (p< 0.01). Only one of the hypoglycaemic patients was < 60 years of age.
As shown in Table 1 , diabetes was diagnosed during the 12 months preceding the index event in more than one-third of the patients and during the last month in seven. However, one-third had diabetes of more than 5 years' duration.
Gtibenclamide Treatment
Data on the duration of glibenclamide treatment were available in 40patients. Of these, 30individuals had been on gtibenclamide for < 1 year. In eight cases hypoglycaemia developed within the first month and in four cases within the first week of glibenclamide treatment.
The prescribed daily doses of glibenclamide in the patients with hypoglycaemia and in the prescription survey are displayed in Figure 3 . The distributions of daily doses were similar and median daily dose was 10 mg in both groups. 
Clinical Features of Hypoglycaemic Events
The lowest blood glucose value recorded in each case is shown in Figure 4 (median 1.3 mmol/1). The hypoglycaemic incidents were attended by coma or disturbed consciousness in 46 of the 57 diabetic patients. The 11 remaining patients presented with sudden onset of confusion, impairment of speech, extreme fatigue or excessive sweating. As shown in Figure 4 , blood glucose levels overlapped in patients with and without coma. Three principal courses of the hypoglycaemic events emerged from the medical records: (1) 22patients responded immediately to therapy and did not relapse; (2) 24 patients had protracted hypoglycaemia of at least 12 h duration, two of these remained hypoglycaemic for 3 days despite continuous IV glucose therapy; (3) ten patients had deep coma leading to death. The duration of hypoglycaemia was not stated in one non-fatal case.
The clinical notes were seldom sufficient to determine whether the patients were left with sequelae to the hypoglycaemic event. The youngest patient (aged 32years), however, was left with permanent brain dysfunction after a protracted hypoglycaemic coma.
Among the ten cases with fatal outcome, one died within a few hours of the onset of hypoglycaemia. Eight had hypoglycaemia lasting for at least 12 h despite correct diagnosis and treatment with parenteral glucose. When the hypoglycaemia was alleviated they all remained comatose until death which occurred within 1-20 days. Autopsy was performed in six of these ten patients. In support of a metabolic catastrophe, gross examination failed to determine the immediate cause of death in any of these cases.
Contributing Factors
The medical records were also reviewed for other factors possibly contributing to the hypoglycaemia (Table 2) . Impaired kidney function with plasma creatinine levels of 126-516 gmol/1 (upper normal limit 100 ~tmol/1 for men and 80 9mol/1 for women) was noted in 12 patients. Two patients suffered from alcoholic liver cirrhosis, one had severe heart failure with liver congestion and jaundice, and one additional patient had enhanced bromsulphthalein retention of obscure origin. Cardiac disorders, including a history of heart failure, myocardial infarction or arrhythmia requiring treatment, had been diagnosed in 32 patients. Nine patients had a history of cerebrovascular accident and 17 were on treatment for hypertension. A preceding period We found no apparent common deleterious factor in patients with fatal outcome (except lower age than average, see above). However, several factors of possible importance for the outcome of the hypoglycaemic event were often present concomitantly. Multiple regression analysis was therefore performed to identify the major determinants. Immediate recovery upon therapy was tested against a severe course (protracted hypoglycaemia or death). Previous cerebrovascular accidents and cardiac disorders were identified as two statistically significant determinants of a severe course of the hypoglycaemia (p<0.05); the regression coefficients were 0.46 and 0.36, respectively. In this analysis, age was found to be negatively correlated with a severe course (p < 0.05). None of the other factors tested -impaired liver function, impaired renal function, alcohol intake, low food intake, diarrhoea, hypertension and intake of drugs known to interact with sulphonylureasreached statistical significance. However, the sensitivity of the analysis was limited due to the small number of positive observations in some of the variables.
of diarrhoea was noted in five and reduced food intake in nine patients.
Drugs taken together with glibenclamide are listed in Table 3 . In accordance with the observed high prevalence of cardiac disorders and hypertension, many of the patients were treated with cardiac glycosides and/or diuretics. A sizable portion (8/57) were on drugs with an anticholinergic action. Among drugs previously implicated in sulphonylurea-associated hypoglycaemia, salicylates (12%) and biguanides (9%) were most often encountered. It was notable that the combination of trimethoprim and a sulphonamide (sulphamethoxazole or sulphadiazine) was used in seven cases of glibenclamide-associated hypoglycaemia.
Alcohol was documented to be a contributory factor in two patients.
Determinants of the Clinical Course
When we explored the possible determinants of the course of the hypoglycaemic events it was, unexpectedly, found that younger age conferred a worse prognosis. Thus, in patients with fatal outcome median age was 68years, in patients with protracted hypoglycaemia 74 years, and in those responding immediately to therapy 79 years. On the other hand, sex did not appear to predict the clinical course.
As demonstrated in Figure 3 , there was no simple relation between prescribed daily doses of glibenclamide and clinical outcome. In patients with prompt response to therapy median daily dose was 10 mg, in those with protracted hypoglycaemia 5 mg and in patients with a fatal outcome 10mg. Protracted hypoglycaemia and death occurred also in patients treated with small doses of glibenclamide (2.5-5 mg daily).
Discussion
The 57 patients included in this report probably represent only a minority of all hypoglycaemic episodes caused by glibenclamide. It has been estimated previously that about 30%-40% of serious haematological' adverse reactions are reported to SADRAC in spite of the regulations [8, 9] . In the present study we found that six out of 12 cases from one hospital region were not reported. Moreover, there was a marked geographical skewing in the reports on glibenclamide-associated hypoglycaemia and little correlation in the temporal profile between the sales of glibenclamide and the number of hypoglycaemic episodes reported. Interestingly, 14 cases were reported to have occurred during the first half of 1981 after preliminary results of the survey had been presented orally. Therefore, our data do not permit any firm conclusions on the real incidence of hypoglycaemia attending glibenclamide treatment. Our presentation serves rather to define some clinical characteristics of this complication.
In 1972 and 1979 Seltzer reviewed a total of 778 episodes of drug-induced hypoglycaemic coma [2, 10] . Sulphonylureas, alone or in combination with other hypoglycaemic or potentiating drugs, were responsible in 465 cases. Chlorpropamide, the most frequently prescribed agent, was involved more often than other sulphonylureas. Since these surveys were compiled, glibenclamide has become widely used and several reports on glibenclamide-associated hypoglycaemic coma have appeared. A search of the literature yielded another 55 cases of documented hypoglycaemia with coma or disturbed consciousness published between 1964-1980 [2, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Including the present series, 101 severe hypoglycaemias, 14 with a fatal outcome, have been pub- In several patients two or more of the additional drugs were used in combination lished and the true frequency of this complication may thus be high. Clarke and Campbell [16] observed eight hypoglycaemic episodes (four with coma) during 2 years' treatment of 134 diabetic patients with glibenclamide. In a slightly larger group treated with chlorpropamide, hypoglycaemia was observed in three patients (none with coma). Diabetic control was otherwise similar in the two groups.
The pharmacokinetic properties of glibenclamide are complex. There is evidence that the drug penetrates to a deep compartment [3, 27] from which it is only slowly eliminated; this may be of importance when long-term therapy is given with multiple daily doses. Moreover, steady state levels of glibenclamide [28] and other sulphonylureas [29, 30] vary more than tenfold in outpatients given the same daily dose. In view of the recent discovery of polymorphic drug oxidation [31] , it is possible that glibenclamide might also exhibit a genetic polymorphism as it is mainly hydroxylated.
In clinical practice there is also little evidence that glibenclamide-induced hypoglycaemic events run a more benign course than those caused by other sulphonylureas, e.g. chlorpropamide. The mortality in our series of patients was high and in some patients hypoglycaemia persisted for 3days despite continuous carbohydrate administration; in others several relapses were observed. It should however be noted that an overrepresentation of remarkable, serious and fatal cases is to be expected in spontaneous reports of adverse reactions. The median age of patients was high in the present series (75 years) and there was a striking preponderance of very old patients when compared with the glibenclamide-treated patients in the prescription survey. Clearly, glibenclamide treatment, if used at all, should be closely supervised in aged diabetic patients.
In the 15 patients with hepatic and/or renal impairment the hypoglycaemic events ran a considerably more serious course than in patients with normal liver and kidney functions: seven of them died and five had protracted hypoglycaemia. Hepatic insufficiency generally increases the sensitivity to sulphonylureas. Moreover, the disposition (both metabolism and binding) of glibenclamide might be disturbed by severe liver disease. Impaired renal function is frequently observed in patients with sulphonylurea-induced hypoglycaemia [2, 14, 32] . Only minor amounts of glibenclamide are excreted unchanged by the kidney [3] but one of the main metabolites has been found to exert an hypoglycaemic action [33] and might accumulate in patients with decreased renal function. A decreased elimination of insulin and reduced glycogen stores in renal insufficiency may also be of importance [34, 35] .
Enhanced effects of sulphonylureas are well known to be induced by some other drugs, e.g. salicylates, coumatin derivatives and some sulphonamides. Among these drugs, we encountered salicylates in seven patients (12%) and dicoumarol in three. A trimethoprimsulphonamide combination was taken by seven patients. In six cases sulphamethoxazole was used which has previously been reported to prolong the elimination of tolbutamide [36] . The same may be true for glibenclamide.
The frequent use of digoxin and diuretics in the present series probably reflects the fact that many elderly diabetic patients suffer from circulatory disorders and are treated accordingly.
Among other agents previously not implicated in drug-induced hypoglycaemia three groups attract particular attention: anti-cholinergic drugs, vitamin B and dietary fibres. Eight of the patients had taken drugs with anti-cholinergic action and only one of these responded instantly to glucose. There is theoretical [37] as well as experimental [38] support for the view that anticholinergic drugs worsen the course of hypoglycaemia. Many elderly people take vitamins and dietary fibre supplements. In patients taking sulphonylureas, a note of caution may be warranted because pyridoxine has been shown to reduce blood glucose in some diabetic patients [39] and dietary fibres have been introduced as an adjunct in the treatment of diabetes due to their hypoglycaemic action [40] .
We conclude that glibenclamide should be used with great caution, especially in elderly patients. All dia-betic patients treated with sulphonylureas should be instructed on early symptoms of hypoglycaemia. They should be warned against excessive use of alcohol and salicylates, and we must keep potential interactions in mind when prescribing other drugs for them. Neither absence of apparent contributing factors nor low dosage of glibenclamide precludes serious hypoglycaemia.
